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Fig.4
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WIRELESS POWER TRANSMISSION
SYSTEM FOR SELECTIVELY POWERING
ONE OR MORE OF A PLURALITY OF
RECEIVERS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 61/427,620 filed on Dec. 28, 2010 by the same
Applicant, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless power transmis-
sion system for performing power transmission by a non-
contact method.

2. Related Background Art

Japanese Patent Application Laid-Open Publication No.
2010-63245 discloses a non-contact power feed apparatus
(wireless power transmission system) comprising: a power
feeding source (wireless power feeder) including a power
feeding source resonance element having a variable mecha-
nism changing a resonance frequency discretely or continu-
ously, a power feeding source excitation element (excitation
coil) coupled to the power feeding source resonance element
by electromagnetic induction, and an AC power source apply-
ing AC current having the same frequency as the resonance
frequency to the excitation element; and plural power feeding
destinations (Wireless power receivers) each including a
power feeding destination resonance element having a spe-
cific resonance frequency, a power feeding destination exci-
tation element (load coil) coupled to the power feeding des-
tination resonance element by electromagnetic induction, and
an output circuit outputting current induced in the power
feeding destination excitation element, wherein the non-con-
tact power feed apparatus changes the resonance frequency of
the power feeding source and performs power feeding selec-
tively to the power feeding destinations having the respective
specific resonance frequencies different from one another.
Thereby, it is concluded that selective power feeding to a
specific power feeding destination can be performed.

SUMMARY OF THE INVENTION

The present invention also aims at providing a wireless
power transmission system which can perform power trans-
mission from a wireless power feeder selectively to plural
wireless power receivers.

A wireless power transmission system of the present inven-
tion is a wireless power transmission system performing non-
contact power transmission from a wireless power feeder
selectively to plural wireless power receivers, and each of the
plural wireless power receivers comprises a power receive
resonance circuit including a power receive coil and a power
receive capacitor, and the wireless power feeder comprises a
power feed coil and a control circuit supplying AC power to
the power feed coil. The control circuit in the wireless power
feeder performs power feeding selectively to the plural wire-
less power receivers by changing frequency of the AC power
on the basis of a magnetic field resonance effect between the
power feed coil and the power receive coil.

According to this wireless power transmission system, it is
possible to perform non-contact power transmission from a
wireless power feeder selectively to plural wireless power
receivers.
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The wireless power transmission system of the present
invention may have a form in which the power receive reso-
nance circuits in the plural wireless power receivers have
resonance frequencies different from one another, respec-
tively, and a winding region of the power receive coil in each
of the plural wireless power receivers is smaller than ¥4 of a
winding region of the power feed coil.

Further, the wireless power transmission system of the
present invention may have a form in which the power receive
resonance circuits in the plural wireless power receivers have
resonance frequencies different from one another, respec-
tively, and a winding diameter of the power receive coil in
each of the plural wireless power receivers is smaller than %5
of'a winding diameter of the power feed coil.

When the winding region of the power receive coil in the
wireless power receiver is equal to or larger than % of the
winding region of the power feed coil in the wireless power
feeder, or when the winding diameter of the power receive
coil in the wireless power receiver is equal to or larger than %5
of'the winding diameter of the power feed coil in the wireless
power feeder, the power receive coil is affected magnetically
by the power feed coil, a mutual inductance is changed
depending on a variation of a relative distance between the
power feed coil and the power receive coil, and the resonance
frequency is changed.

However, according to this wireless power transmission
system, since the winding region of the power receive coil in
the wireless power receiver is smaller than %4 of the winding
region of the power feed coil in the wireless power feeder, or
since the winding diameter of the power receive coil in the
wireless power receiver is smaller than %% of the winding
diameter of the power feed coil in the wireless power feeder,
the power receive coil is not easily affected magnetically by
the power feed coil and it is possible to suppress the change of
the mutual inductance depending on the variation of the rela-
tive distance between the power feed coil and the power
receive coil. As a result, it is possible to suppress the change
of the resonance frequency and it is possible to suppress
complication of drive frequency control for the power feed
coil.

Further, the wireless power transmission system of the
present invention may have a form in which the power receive
resonance circuits in the plural wireless power receivers have
approximately the same resonance frequency, the power
receive coils in the plural wireless power receivers are dis-
posed in distances different from one another from the power
feed coil, respectively, and a winding region of the power
receive coil in each of the plural wireless power receivers is
equal to or larger than %4 of a winding region of the power feed
coil.

Further, the wireless power transmission system of the
present invention may have a form in which the power receive
resonance circuits in the plural wireless power receivers have
approximately the same resonance frequency, the power
receive coils in the plural wireless power receivers are dis-
posed in distances different from one another from the power
feed coil, respectively, and a winding diameter of the power
receive coil in each of the plural wireless power receivers is
equal to or larger than %2 of a winding diameter of the power
feed coil.

According to this wireless power transmission system,
since the winding region of the power receive coil in the
wireless power receiver is equal to or larger than % of the
winding region of the power feed coil in the wireless power
feeder, or since the winding diameter of the power receive coil
in the wireless power receiver is equal to or larger than %2 of
the winding diameter of the power feed coil in the wireless
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power feeder, the power receive coil is easily affected mag-
netically by the power feed coil. As a result, even if the
resonance frequencies of the power receive resonance circuits
in the plural wireless power receivers are approximately the
same, respectively, it is possible to perform non-contact
power transmission from the wireless power feeder selec-
tively to the plural wireless power receivers by making use of
change in the mutual inductance and change in the resonance
frequency depending on the relative distance between the
power feed coil and the power receive coil when the power
receive coils in the plural wireless power receivers are dis-
posed in distances different from one another from the power
feed coil, respectively.

Further, according to this wireless power transmission sys-
tem, the same power receive coil and the same power receive
capacitor can be used in the plural wireless power receivers
and thus the same product can be used for the plural wireless
power receivers.

Further, the wireless power transmission system of the
present invention may have a form in which the power receive
resonance circuits in some wireless power receivers among
the above plural wireless power receivers have resonance
frequencies different from one another, respectively, a wind-
ing region of the power receive coil in each of the some
wireless power receivers is smaller than %4 of a winding
region of the power feed coil, the respective power receive
resonance circuits in the other wireless power receivers
among the above plural wireless power receivers have
approximately the same resonance frequency, the power
receive coils in the other wireless power receivers are dis-
posed in distances different from one another from the power
feed coil, respectively, and a winding region of the power
receive coil in each of the other wireless power receivers is
equal to or larger than % of a winding region of the power feed
coil.

Further, the wireless power transmission system of the
present invention may have a form in which the power receive
resonance circuits in some wireless power receivers among
the above plural wireless power receivers have resonance
frequencies different from one another, respectively, a wind-
ing diameter of the power receive coil in each of the some
wireless power receivers is smaller than %2 of a winding
diameter of the power feed coil, the respective power receive
resonance circuits in the other wireless power receivers
among the above plural wireless power receivers have
approximately the same resonance frequency, the power
receive coils in the other wireless power receivers are dis-
posed in distances different from one another from the power
feed coil, respectively, and a winding diameter of the power
receive coil in each of the other wireless power receivers is
equal to or larger than %2 of a winding diameter of the power
feed coil.

Further, the wireless power transmission system of the
present invention may have a form in which the power feed
coil in the above wireless power feeder substantially does not
constitute a resonance circuit. Thereby, the configuration of
the wireless power feeder becomes simple.

Further, the wireless power transmission system of the
present invention may have a form in which the control circuit
in the above wireless power feeder performs power supply so
that AC power having a frequency corresponding to each of
the respective power receive resonance circuits in the plural
wireless power receivers is supplied to the power receive coil
in a time division manner.

According to the present invention, it is possible to perform
power transmission from a wireless power feeder selectively
to plural wireless power receivers.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a diagram showing a schematic configuration of a
wireless power transmission system according to a first
embodiment of the present invention.

FIG. 2 is a diagram showing a breakdown structure of the
wireless power transmission system shown in FIG. 1.

FIG. 3 is a diagram showing an electrical configuration of
a wireless power transmission system according to a first
embodiment of the present invention.

FIG. 4 is a diagram showing a frequency characteristic of
impedance in power receive resonance circuits of A group, B
group, and C group shown in FIG. 3.

FIG. 5 is a diagram showing an operation example of a
control circuit in the wireless power feeder shown in FIG. 3.

FIG. 6 is a diagram showing a schematic configuration of a
wireless power transmission system according to a second
embodiment of the present invention.

FIG. 7 is a diagram showing an electrical configuration of
a wireless power transmission system according to a second
embodiment of the present invention.

FIG. 8 is a diagram showing details of the wireless power
receiver shown in FIG. 7.

FIG. 9 is a diagram showing a resonance frequency of a
power receive resonance circuit against a relative distance
between the power feed coil and the power receive coil shown
in FIG. 7.

FIG. 10 is a flowchart showing an operation example of the
control circuit shown in FIG. 7.

FIG. 11 is a diagram showing a configuration of a wireless
power transmission system according to Variation example 1
of the present invention.

FIG. 12 is a flowchart showing an operation example of the
wireless power feeder shown in FIG. 11.

FIG. 13 is a diagram showing a configuration of a wireless
power transmission system according to Variation example 2
of the present invention.

FIG. 14 is a diagram showing an example of a frequency
sweep waveform in the wireless power feeder shown in FIG.
13.

FIG. 15 is a diagram showing a schematic configuration of
a wireless power transmission system according to a third
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferable embodiments of the present inven-
tion will be explained in detail with reference to the drawings.
Note that the same or an equivalent part is denoted by the
same reference numeral in each of the drawings.

First Embodiment

FIG. 11is a diagram showing a schematic configuration of a
wireless power transmission system according to a first
embodiment of the present invention. FIG. 2 is a diagram
showing a breakdown structure of the wireless power trans-
mission system shown in FIG. 1.

As shown in FIG. 1 and FIG. 2, a wireless power transmis-
sion system 100 is mounted in a Christmas tree unit, for
example. In the Christmas tree unit, a Christmas tree 301
having a rotation axis 302 is driven to be rotatable by a motor
304 mounted in a plant pod 303. More specifically, the rota-
tion axis 302 of the Christmas tree 301 is fitted with a rotation
axis 305 of the motor 304. A wireless power feeder 110 in the
wireless power transmission system 100 is mounted in the
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plant pod 303 and plural wireless power receivers 120 in the
wireless power transmission system 100 are mounted in the
Christmas tree 301.

The wireless power feeder 110 includes a power feed coil
1. On the other side, the wireless power receiver 120 includes
a power receive unit 121 and a lamp unit 122. The power
receive unit 121 includes a power receive resonance circuit 13
having a power receive coil 11 and a power receive capacitor
12 and a power receive load coil 14 which is wound around an
outer perimeter of the power receive coil 11 and coupled
electromagnetically to the power receive coil 11. The lamp
unit 122 includes a regulator (AC/DC) 15 stabilizing power
induced in the power receive load coil 14 and six LEDs 16
connected serially to the regulator 15.

For example, in the Christmas tree unit, each of the lamp
units 122 includes an LED 16 having any of three colors of
red, white and blue, and the LEDs of three colors, red, white,
and blue, are lit alternately and stage illumination. For this
purpose, the wireless power transmission system 100 per-
forms non-contact power transmission from the wireless
power feeder 110 selectively to the plural wireless power
receivers 120.

FIG. 3 is a diagram showing an electrical configuration of
the wireless power transmission system according to the first
embodiment of the present invention. The wireless power
transmission system 100 shown in FIG. 3 includes the wire-
less power feeder 110 and the nine wireless power receivers
120.

The wireless power feeder 110 includes the power feed coil
1, and a control circuit 111. On the other side, the wireless
power receiver 120 includes the power receive resonance
circuit 13 having the power receive coil 11 and the power
receive capacitor 12.

In the wireless power feeder 110, when the control circuit
111 supplies AC current (e.g., rectangular wave or sinusoidal
wave current) to the power feed coil 1, power supply from the
power feed coil 1 to the power receive coil 11 is performed on
the basis of a magnetic field resonance effect between the
power feed coil 1 and the power receive coil 11. Here, the
“magnetic field resonance effect between the power feed coil
1 and the power receive coil 11”” means a resonance effect of
the power receive resonance circuit 13 based on AC magnetic
field generated by the power feed coil 1. When AC current is
supplied to the power feed coil 1, AC magnetic field is gen-
erated by the power feed coil 1. Thereby, the power feed coil
1 and the power receive coil 11 are magnetically coupled and
the power receive resonance circuit 13 resonates. At this time,
the control circuit 111 causes the frequency of the AC current
to coincide with the frequency of resonance current in the
power receive resonance circuit 13. Then, even if the power
feed coil 1 itself does not resonate, the power factor of trans-
mission power can be made one and a highly efficient power
transmission can be performed.

In this manner, in the wireless power feeder 110, the power
feed coil 1 substantially does not constitute a resonance cir-
cuit. Here, “substantially does not constitute a resonance
circuit” means that the power feed coil 1 does not form a
resonance circuit having the same resonance frequency as the
resonance frequency of the power receive resonance circuit
13, but does not mean to exclude even that the power feed coil
1 resonates incidentally with any circuit element. For
example, “substantially does not constitute a resonance cir-
cuit” means that a capacitor is not provided in series or in
parallel for the power feed coil 1 to form a resonance circuit
having the same resonance frequency as the resonance fre-
quency of the power receive resonance circuit 13.
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In the wireless power feeder 110, as magnetic field cou-
pling becomes stronger between the power feed coil 1 and the
power receive coil 11, the resonance frequency of the power
receive resonance circuit 13 is affected more. That is, the
resonance frequency of the power receive resonance circuit
13, when the power feed coil 1 and the power receive coil 11
are made so close to each other as to be magnetically coupled,
shifts from the resonance frequency of the power receive
resonance circuit 13 alone when the power feed coil 1 and the
power receive coil 11 are so apart from each other that the
magnetic field coupling between both of the coils can be
neglected. By supplying AC current having a frequency near
the resonance frequency of the power receive resonance cir-
cuit 13 to the power feed coil 1, it becomes possible to realize
magnetic field resonance type wireless power feeding.

Next, the wireless power receiver 120 will be explained in
detail. The wireless power receiver 120 further includes the
power receive load coil 14, the regulator (AC/DC) 15, and the
six LEDs 16 connected serially.

The coupling between the power receive coil 11 and the
power receive load coil 14 is a coupling utilizing an electro-
magnetic induction and the degree of the coupling is so high
as to have a coupling coefficient 0f 0.9 or higher, for example.
By using this load coil 14, it is possible to suppress Q-value
reduction of the power receive resonance circuit 13 due to a
load. AC power (AC voltage) induced in the load coil 14 is
stabilized by the regulator (AC/DC) 15 and supplied to the
LEDs 16.

Inthe present embodiment, among the nine wireless power
receivers 120, there are three sets for the red LEDs 16, three
sets for the white LEDs 16, and three sets for the blue LEDs
16. The three sets for the red LEDs are called A group, the
three sets for the white LEDs are called B group, and the three
sets for the blue LEDs are called C group.

FIG. 4 shows a frequency characteristic of impedance in
the power receive resonance circuits 13 of A group, B group,
and C group. As shown in FIG. 4, the power receive resonance
circuits 13 of A group, B group, and C group are set to have
resonance frequencies different from one another, respec-
tively. For example, in the power receive resonance circuit 13
of'the A group wireless power receiver 120, the inductance of
the power receive coil 11 and the capacitance of the power
receive capacitor 12 are determined so as to provide a reso-
nance frequency of frl. Further, in the power receive reso-
nance circuit 13 of the B group wireless power receiver 120,
the inductance of the power receive coil 11 and the capaci-
tance of the power receive capacitor 12 are determined so as
to provide a resonance frequency of fr2. Further, in the power
receive resonance circuit 13 of the C group wireless power
receiver 120, the inductance of the power receive coil 11 and
the capacitance of the power receive capacitor 12 are deter-
mined so as to provide a resonance frequency of r3.

In the present embodiment, each of the power feed coil 1
and the power receive coil 11 is wound in a true circular
shape, and the winding diameter (outer diameter) of the
power receive coil 11 is smaller than V%, preferably not more
than %6, of the winding diameter (outer diameter) of the power
feed coil 1. In other words, the winding region area of the
power receive coil 11 is smaller than V4, preferably not more
than Y36, of the winding region area of the power feed coil 1.
Note that the coil shape is not limited to a true circle and may
be another shape such as a rectangle and an ellipsoid.

Next, the control circuit 111 in the wireless power feeder
110 will be explained in detail. The control circuit 111
includes a high-frequency amplifier 2 and a microcomputer 3.

The high-frequency amplifier 2 supplies AC power (AC
current) to the power feed coil 1 in a drive frequency or at a
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drive timing according to an instruction from the microcom-
puter 3 (e.g., approximately 100 kHz). The microcomputer 3
has preliminarily three specific frequencies of fr1, {r2, and fr3
programmed therein, and switches these three frequencies
(drive frequencies) to drive the power feed coil 1 by the
high-frequency amplifier 2.

For example, when the power feed coil 1 in the wireless
power feeder 110 is driven in the frequency frl, only the
wireless power receiver 120 having a resonance frequency
corresponding to the frequency of this AC magnetic field
obtains power selectively and only the red LEDs of A group
are lit. Similarly, when the power feed coil 1 is driven in the
frequency fr2, only the white LEDs of B group are lit and,
when the power feed coil 1 is driven in the frequency fr3, only
the blue LEDs of C group are lit.

Note that various methods can be considered as the LED
lighting method. In the following, another lighting method
will beillustrated. FIG. 5 is a diagram showing an example for
another operation of the control circuit 111 in the wireless
power feeder 110. FIG. 5 shows an example of a frequency
timing output from the microcomputer 3. In this case, three
kinds of frequency are configured to be output from the
microcomputer 3, and these frequencies are switched along
time (time division) to cause the color of the LEDs to change.

For example, as shown in the period of t0 to t1, by means of
switching the frequency output from the microcomputer 3
alternately between the two frequencies frl and fr2 in a short
time, the red LED lamp and the white LED lamp may be lit
alternately. At this time, to a human eye, two colors of red and
white appear to be lit in a residual image (same also in the
period of t1 to t4). Further, as shown in the period of t4 to t5,
for example, the red LED may be lit intermittently by a short
time intermittent operation in the frequency frl output from
the microcomputer 3 (same also in the period of t5 to t7). In
this manner, various illumination can be staged by changing
color.

In this manner, in the wireless power transmission system
100 of the first embodiment, the plural wireless power receiv-
ers 120 have respective resonance frequencies different from
one another and the wireless power feeder 110 switches the
drive frequency of the power feed coil 1. Thereby, the wireless
power feeder 110 can perform power transmission selectively
only to the wireless power receiver 120 having a resonance
frequency corresponding to the drive frequency.

Meanwhile, when the winding diameter of the power
receive coil 11 in the wireless power receiver 120 is equal to
or larger than %% of the winding diameter of the power feed
coil 1 in the wireless power feeder 110, the power receive coil
11 is affected magnetically by the power feed coil 1, the
mutual inductance between the power feed coil 1 and the
power receive coil 11 will change depending on the relative
distance thereof, and the resonance frequency will change.

However, in the wireless power transmission system 100 of
the first embodiment, since the winding diameter of the power
receive coil 11 in the wireless power receiver 120 is smaller
than V2 of the winding diameter of the power feed coil 1 in the
wireless power feeder 110 (since the winding region area of
the power receive coil 11 in the wireless power receiver 120 is
smaller than % of the winding region area of the power feed
coil 1 in the wireless power feeder 110), the power receive
coil 11 is not easily affected magnetically by the power feed
coil 1 and it is possible to suppress the change of the mutual
inductance which depends on the change of the relative dis-
tance between the power feed coil 1 and the power receive coil
11. As a result, it is possible to suppress the change of the
resonance frequency and to suppress the complication of the
drive frequency control for the power feed coil 1.
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Further, substantially the power feed coil 1 does not con-
stitute a resonance circuit and thereby the configuration of the
wireless power feeder 110 becomes simple. Then, it is not
necessary to adjust a resonance frequency on the side of the
wireless power feeder 110 according to the resonance fre-
quency of the power receive resonance circuit 13.

Further, in the wireless power transmission system 100 of
the first embodiment, since power transmission is performed
by the magnetic field resonance method, it is possible to
perform power transmission in a longer distance than in a
conventional electromagnetic induction method.

Second Embodiment

FIG. 6 is a diagram showing a schematic configuration of a
wireless power transmission system 100A according to a
second embodiment of the present invention. As shown in
FIG. 6, the wireless power transmission system 100A is
mounted in the above Christmas tree unit. That is, the wireless
power feeder 110 in the wireless power transmission system
100A is mounted in the plant pot 303 and plural wireless
power receivers 120A in the wireless power transmission
system 100A are mounted in the Christmas tree 301.

FIG. 7 is a diagram showing an electrical configuration of
the wireless power transmission system 100A according to
the second embodiment of the present invention. As shown in
FIG. 7, in the wireless power transmission system 100A, the
plural wireless power receivers 120A may be provided
replacing the plural wireless power receivers 120.

The wireless power receiver 120A includes a power receive
unit 121 A and a lamp unit 122A. The power receive unit 121A
includes a power receive resonance circuit 13A having a
power receive coil 11A, and a power receive capacitor 12A,
and a power receive load coil 14A which is wound around an
outer perimeter of the power receive coil 11A and electro-
magnetically coupled to the power receive coil 11A. The
lamp unit 122 A includes aregulator (AC/DC) 15 A stabilizing
power induced in the power receive load coil 14A and plural
LEDs 16A connected to the regulator 15A.

Note that, in the present embodiment, as shown in FIG. 8,
ten serial LED groups in each of which six LEDs are con-
nected serially are connected in parallel to one another among
the plural LEDs 16A. Further, a high frequency power of
approximately 10 MHz, for example, is induced in the power
receive load coil 14A. Further, the regulator 15A supplies a
stabilized DC voltage of approximately 24 V, for example, to
the LEDs 16A.

The second embodiment is different from the first embodi-
ment in the point that all the resonance frequencies of the
power receive resonance circuits 13A in the plural wireless
power receivers 120A are the same, respectively. That is, in
the plural wireless power receivers 120A, inductances of the
power receive coils 11A in the power receive resonance cir-
cuits 13A are set to be the same, respectively, and also capaci-
tances of the power receive capacitors 12A in the power
receive resonance circuits 13A are set to be the same, respec-
tively.

Here, that all the resonance frequencies are the same means
that the respective resonance frequencies of the power receive
resonance circuits are approximately the same when the
power feed coil and the power receive coil are sufficiently
apart from each other or when the coupling degrees between
the power feed coil and the respective power receive coils are
not considerably different from one another.

Further, the second embodiment is different from the first
embodiment in the point that the power feed coil 1 in the
wireless power feeder 110 and the respective power receive
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coils 11A in the six wireless power receivers 120A are dis-
posed at equal spaces sequentially from a reference position
where the power feed coil 1 is located. That is, the power
receive coils 11A in the six power receive units 121A are
disposed at positions apart from the reference position (origi-
nal point) of the power feed coil 1 by distances d1, d2, d3, d4,
d5, and dé6 (d1=d2-d1=d3-d2=d4-d3=d5-d4=d6-d5),
respectively.

Note that the winding center axis of each of the power
receive coils 11A is approximately the same as the winding
center axis of the power feed coil 1 and the winding plane
(winding plane perpendicular to the winding center axis) in
each of the power receive coils 11A is disposed so as to
become approximately parallel to the winding plane of the
power feed coil 1.

Further, the second embodiment is different from the first
embodiment in the point that each of the power feed coil 1 and
the power receive coil 11A is wounded in a true circular shape
and the winding diameter (outer diameter) of the power
receive coil 11A is not less than V2 of, preferably not less than
% of and further preferably not less than, the winding diam-
eter (outer diameter) of the power feed coil 1. In other words,
the second embodiment is different from the first embodi-
ment in the point that the winding region area of the power
receive coil 11A is not less than V4 of, preferably not less than
4 of and further preferably not less than, the winding region
area of the power feed coil 1. Note that the shape of the coil is
not limited to a true circle and may be another shape such as
a rectangle and an ellipsoid.

FIG. 9 is a diagram showing a resonance frequency of the
power receive resonance circuit 13A against a relative dis-
tance between the power feed coil 1 and the power receive coil
11A in the second embodiment. The second embodiment
utilizes the fact that the mutual inductance changes depend-
ing on the relative distance between the power feed coil 1 and
the power receive coil 11A and thereby the resonance fre-
quency changes. That is, as shown in FIG. 9, the resonance
frequency of the power receive resonance circuit 13A
changes to frl, {r2, fr3, fr4, {r5, and fr6 when the relative
distance between the power feed coil 1 and the power receive
coil 11A changes to d1, d2, d3, d4, d5, and d6, respectively.

In the wireless power feeder 110, the microcomputer 3
preliminarily has the information of the resonance frequen-
cies of frl to fr6 programmed therein, and switches these
frequencies (drive frequencies) to drive the power feed coil 1
by the high-frequency amplifier 2. Note that the wireless
power feeder 110, even without preliminarily having the
information of the resonance frequency, may obtain the reso-
nance frequency of the wireless power transmission by
obtaining information corresponding to the distance between
the power feed coil 1 and the power receive coil 11A.

FIG. 10 is a flowchart showing an operation example of the
control circuit 111. As shown in FIG. 10, for example, the
microcomputer 3 sends a signal for setting the frequency
(drive frequency) to frl to the high-frequency amplifier 2,
and, after a certain time (after a certain time has elapsed), the
microcomputer 3 sends a signal for setting the frequency
(drive frequency) to {r2 to the high-frequency amplifier 2, and
then, after a certain time (after a certain time has elapsed), the
microcomputer 3 sends a signal for setting the frequency
(drive frequency) to fr3 to the high-frequency amplifier 2. The
microcomputer 3 repeats such processing and sends a signal
for setting the frequency (drive frequency) to fr6 to the high-
frequency amplifier 2, and then, after a certain time (after a
certain time has elapsed), repeats the step to return the fre-
quency to frl again. Thereby, in the Christmas tree unit shown
in FIG. 6, the LEDs 16A in the lamp unit 122A are sequen-
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10
tially lit in the order from the lowest side one, second one,
third one, . . ., and sixth one, and, after the sixth one has been

lit, the lighting can be repeated by returning to the first one.

According to this wireless power transmission system
100A of the second embodiment, since the winding diameter
of the power receive coil 11A in the wireless power receiver
120A is equal to or larger than ¥ of the winding diameter of
the power feed coil 1 in the wireless power feeder 110 (since
the winding region area of the power receive coil 11A in the
wireless power receiver 120A is equal to or larger than %4 of
the winding region area of the power feed coil 1 in the wire-
less power feeder 110), the power receive coil 11A is easily
affected magnetically by the power feed coil 1. As a result,
even if the resonance frequencies of the power receive reso-
nance circuits 13A in the plural wireless power receivers
120A are approximately the same as one another, respec-
tively, it is possible to perform non-contact power transmis-
sion from the wireless power feeder 110 selectively to the
plural wireless power receivers 120A by utilizing the fact that
the mutual inductance changes depending on the relative
distance between the power feed coil 1 and the power receive
coil 11A and thereby the resonance frequency changes, when
the power receive coils 11A in the plural wireless power
receivers 120A are disposed in distances different from one
another from the power feed coil 1, respectively.

Further, according to this wireless power transmission sys-
tem 100A, since the same power receive coil and power
receive capacitor can be used in the plural wireless power
receivers 120A, the same product can be used for the plural
wireless power receivers 120A.

Further, since substantially the power feed coil 1 does not
constitute a resonance circuit, the configuration of the wire-
less power feeder 110 becomes simple.

Third Embodiment

Here, in the wireless power transmission system of the
present embodiment, the above plural wireless power receiv-
ers 120 and the above plural wireless power receivers 120A
may be mixed.

FIG. 15 is a diagram showing a schematic configuration of
a wireless power transmission system 100B according to a
third embodiment of the present invention. This wireless
power transmission system 100B includes three wireless
power receivers 120 in addition to the six wireless power
receivers 120A in the wireless power transmission system
100A.

For example, as described above, the resonance frequency
of the power receive resonance circuit 13A in each of the six
wireless power receivers 120A changes to frl, fr2, {3, fr4,
fr5, and fr5 depending on the relative distances of d1, d2, d3,
d4, d5, and d6 between the power feed coil 1 in the wireless
power feeder 110 and the power receive coils 11A, respec-
tively. On the other hand, the resonance frequencies of the
power receive resonance circuits 13 in the three wireless
power receivers 120 are set to fr1', fr2', and fr3' according to
the inductances of the power receive coils 11 and the capaci-
tances of the power receive capacitors 12, respectively.

In this case, in the wireless power feeder 110, the micro-
computer 3 preliminarily has the information of these reso-
nance frequencies frl to fr6 and frl' to fr3' programmed
therein, and switches these frequencies (drive frequencies) to
drive the power feed coil 1 by the high-frequency amplifier 2.

Note that the resonance frequencies of some of the power
receive resonance circuits 13A in the six wireless power
receivers 120A may be made the same as the resonance fre-
quencies of some of the power receive resonance circuits 13
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in the three wireless power receivers 120, respectively, and
some of the lamp units 122 A in the six wireless power receiv-
ers 120 A and some of the lamp units 122 in the three wireless
power receivers 120 may be lit at the same time.

Note that the present invention is not limited to the above
embodiments and can be modified variously. For example,
while, in the present embodiments, the non-resonance type in
which the wireless power feeder 110 includes only the power
feed coil 1 is illustrated, the wireless power feeder may
include a power feed resonance circuit having a power feed
coil and a power feed capacitor. In this case, the resonance
frequency of the power feed resonance circuit may be
changed so as to correspond to the resonance frequency of the
power receive resonance circuit by the use of a variable
capacitor for the power feed capacitor, for example. Further,
for example, while the high-frequency amplifier 2 supplies
AC current directly to the power feed coil 1 in the present
embodiments, the present invention is not limited to this case.
An excitation coil coupled to the power feed coil 1 by elec-
tromagnetic induction may be provided and the AC current
may be supplied via the excitation coil.

Further, the features of the present invention can be applied
not only to the power transmission but also to signal trans-
mission. For example, the wireless power transmission sys-
tem of the present invention can be applied when an analog
signal or a digital signal is transmitted by a non-contact
method by means of utilizing the magnetic field resonance
effect.

Note that the present invention can be applied to a system
performing wireless power transmission from one wireless
power feeder selectively to plural wireless power receivers,
such as a Christmas tree unit which is decorated with deco-
ration LEDs and rotates over a plant pot, exhibited goods
which wirelessly receive power on a turntable disposed over
a casing including a power source (lighting equipment, elec-
tric toys, home electric appliances in general, etc.), and the
like. Further, the present invention can be applied to a traffic
light (Variation example 1), a judgment device for a wireless
power receiver which is used in a 1:N wireless power trans-
mission system (Variation example 2), and the like.

Variation Example 1

FIG. 11 is a diagram showing a configuration of a wireless
power transmission system according to Variation example 1
of the present invention. A traffic light shown in FIG. 11 is a
traffic light for a pedestrian which can be lit in two colors of
red and green, and includes one wireless power feeder 110
having one power feed coil 1 and two wireless power receiv-
ers 120 for red and green lighting.

The wireless power receiver 120 for red lighting includes a
power receive coil 11 (inductance [.1), a power receive
capacitor 12 (capacitance C1), a power receive load coil 14,
and plural red LEDs 16 serially connected to the power
receive load coil 14. The power receive coil 11 and the power
receive capacitor 12 configure a power receive resonance
circuit 13, and the resonance frequency thereof is provided as
fr1=1mv(L1xC1). On the other hand, the wireless power
receiver 120 for the green lighting includes a power receive
coil 11 (inductance [.2), a power receive capacitor 12 (capaci-
tance C2), a power receive load coil 14, and plural green
LEDs 16 serially connected to the power receive load coil 14.
The power receive coil 11 and the power receive capacitor 12
configure a power receive resonance circuit 13, and the reso-
nance frequency thereof is provided as fr2=14mv(L.2xC2). In
this wireless power transmission system 100 of Variation
example 1, the traffic light is lit in red when the drive fre-
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quency of the power feed coil 1 in the wireless power feeder
110 is frl, and the traffic light is lit in green when the drive
frequency of the power feed coil 1 is fr2.

FIG. 12 is a flowchart showing an operation example of the
wireless power feeder. As shown in FIG. 12, for example, the
green LED 16 is lit for t1 seconds when the drive frequency of
the power feed coill 1 is set to fr2, and, after the green LED
16 is blinked for t2 seconds, the red LED 16 is lit for t3
seconds when the drive frequency of the power feed coil 1 is
set to frl. By repeating this operation, it is possible to realize
a traffic light.

Variation Example 2

FIG. 13 is a diagram showing a configuration of a wireless
power transmission system according to Variation example 2
of the present invention. A judgment device for a wireless
power receiver used for a 1:N wireless power transmission
system is shown in FIG. 13. This judgment device tests eight
wireless power receiver products of A to H and judges pass or
fail of the wireless power receiver products (good product/
defective product, conforming product/nonconforming prod-
uct). The resonance frequencies of the power receive reso-
nance circuits in the wireless power receiver products of A to
H are set so as to have typical values of fA, fB, {C, D, fE, {G,
and fH, respectively. Further, the specifications of resonance
frequency ranges of the power receive resonance circuits in
the wireless power receiver products of Ato Hare A, B,C, D,
E,F, G, and H, respectively. A wireless power feeder performs
frequency sweep. FIG. 14 is a diagram showing an example of
a frequency sweep waveform in the wireless power feeder. As
shown in FIG. 14, the wireless power feeder sweeps frequen-
cies in a saw-tooth waveform. The wireless power feeder
sweeps frequencies in this manner and the judgment device
judges whether or not the result thereof falls within the speci-
fication range of the wireless power receiver product, and
thereby pass or fail of the wireless power receiver product is
decided.

Note that, while the element for the magnetic resonance
effect is called a “coil” in the present specification, the ele-
ment is sometimes called a “transmitter”, “antenna”, or the
like depending on a related technical field.

While, hereinabove, the principle of the present invention
has been explained in the preferable embodiments with ref-
erence to the drawings, it is recognized by those skilled in the
art that the present invention can be changed in disposition
and in detail without departing from such a principle. The
present invention is not limited to a specific configuration
disclosed in the embodiments. Accordingly, the right is
claimed for all the modifications and variations based on the
range and the spirit of the claims.

What is claimed is:

1. A wireless power transmission system which performs
non-contact power transmission from a wireless power feeder
selectively to one or more of a plurality of wireless power
receivers, each of the plurality of wireless power receivers
being provided with a lamp unit,

each of the plurality of wireless power receivers compris-

ing a power receive resonance circuit including a power
receive coil and a power receive capacitor, and having a
resonance frequency, and

the wireless power feeder comprising a power feed coil and

a control circuit, the control circuit including a high-
frequency amplifier and a micro-computer, the high-
frequency amplifier supplying AC power to the power
feed coil at a drive frequency according to an instruction
from the micro-computer, wherein
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the micro-computer switches the drive frequency to a fre-
quency that is programmed in advance, in a short period
of time;
the drive frequency is time divided;
the control circuit in the wireless power feeder performs
power feeding selectively to a wireless power receiver of
the plurality of wireless power receivers by changing
frequency of the AC power to the frequency that coin-
cides with the wireless power receiver to cause residual
image effect between adjacent periods of divided time
the power receive resonance circuits in the plurality of
wireless power receivers have approximately the same
resonance frequency,
the power receive coils in the plurality of wireless power
receivers are disposed in distances different from one
another from the power feed coil, respectively,
an area encompassed by windings of the power receive coil
in each of the plurality of wireless power receivers is
equal to or larger than Y4 of an area encompassed by
windings of the power feed coil, and
the micro computer is programmed in advance with the
frequency that corresponds to a relative distance
between (i) the power receive coil of each of the plurality
of' wireless power receivers and (ii) the power feed coil.
2. The wireless power transmission system according to
claim 1, wherein
the power receive resonance circuits in the plurality of
wireless power receivers have approximately the same
resonance frequency,
the power receive coils in the plurality of wireless power
receivers are disposed in distances different from one
another from the power feed coil, respectively, and
a diameter of an area encompassed by windings of the
power receive coil in each of the plurality of wireless
power receivers is equal to or larger than /2 of a diameter
of an area encompassed by windings of the power feed
coil.
3. The wireless power transmission system according to
claim 2, wherein
the power feed coil in the wireless power feeder substan-
tially does not constitute a resonance circuit.
4. The wireless power transmission system according to
claim 1, wherein
the power feed coil in the wireless power feeder substan-
tially does not constitute a resonance circuit.
5. The wireless power transmission system according to
claim 1, wherein
the control circuit in the wireless power feeder performs
power supply so that AC power having frequencies cor-
responding to each of the power receive resonance cir-
cuits in the plurality of wireless power receivers is sup-
plied to the power receive coils in a time division
manner.
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6. A wireless power transmission system which performs
non-contact power transmission from a wireless power feeder
selectively to one or more of a plurality of wireless power
receivers, each of the plurality of wireless power receivers
being provided with a lamp unit,

each of the plurality of wireless power receivers compris-

ing a power receive resonance circuit including a power
receive coil and a power receive capacitor, and having a
resonance frequency, and

the wireless power feeder comprising a power feed coil and

a control circuit, the control circuit including a high-
frequency amplifier and a micro-computer, the high-
frequency amplifier supplying AC power to the power
feed coil at a drive frequency according to an instruction
from the micro-computer, wherein

the micro-computer switches the drive frequency to a fre-

quency that is programmed in advance, in a short period
of time;
the drive frequency is time divided;
the control circuit in the wireless power feeder performs
power feeding selectively to a wireless power receiver of
the plurality of wireless power receivers by changing
frequency of the AC power to the frequency that coin-
cides with the wireless power receiver to cause residual
image effect between adjacent periods of divided time

the power receive resonance circuits in some wireless
power receivers among the plurality of wireless power
receivers have resonance frequencies different from one
another, respectively,

an area encompassed by windings of the power receive coil

in each of the some wireless power receivers is smaller
than % of an area encompassed by windings of the
power feed coil,

the power receive resonance circuits in the other wireless

power receivers among the plurality of wireless power
receivers have approximately the same resonance fre-
quency,

the power receive coils in the other wireless power receiv-

ers are disposed in distances different from one another
from the power feed coil, respectively,

an area encompassed by windings of the power receive coil

in each of the other wireless power receivers is equal to
or larger than V4 of the area encompassed by windings of
the power feed coil, and

the micro-computer is programmed in advance with (i)

different resonance frequencies of some of the wireless
power receivers among the plurality of wireless power
receivers and (ii) the frequency that corresponds to a
relative distance between (a) the power receive coil of
the other wireless power receivers among the plurality of
wireless power receivers and (b) the power feed coil.

#* #* #* #* #*



